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A ferroelectric random access memory device includes a 
plurality of reference cell array blocks implemented in a 
reference cell array. If the reference voltage from one of the 
reference cell array blocks is biased toWard the voltage level 
of a logical data “1” or “0”, another reference cell array 
block is chosen, Which has ferroelectric capacitors of smaller 
or larger siZe than those of the selected reference cell array 
block. In this manner, the alternate reference cell array block 
provides the reference bit lines With required reference 
voltages. As a result, the sensing margin of the memory cells 
is increased, causing the reliability of the ferroelectric ran 
dom access memory device to be improved. 
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FERROELECTRIC RANDOM ACCESS 
MEMORY DEVICE WITH REFERENCE 

CELL ARRAY BLOCKS 

BACKGROUND OF THE INVENTION 

Contemporary memory system designs employ a variety 
of memory devices, including semiconductor memory 
devices (e.g., dynamic RAM, static RAM, ?ash memory), 
magnetic discs and the like. With a Wide variety of such 
devices available, and commonly used, it is a challenge to 
support all available memory space of, for example, a 
personal computer, using only a single type of memory 
device. Particularly, in the ?eld of semiconductor memories, 
the development of devices to meet the requirements of high 
density, high-speed read/Write operation, access time, loW 
poWer consumption, etc. is an ongoing challenge, hoWever 
there is an inevitable limit to technology speed and capacity 
of semiconductor. 

To address this issue, a ferroelectric memory, Which is 
nonvolatile, and therefore can retain data even When poWer 
is removed, has been realiZed through the use of a ferro 
electric material, for example lead Zirconate titanate (PZT), 
exhibiting hysterisis characteristics. Several examples of 
such ferroelectric memory technology are disclosed in the 
IEEE Journal of Solid-State Circuits, vol. 23, No. 5, pp. 
1171~1175, October 1988, entitled “An Experimental 512 
bit Nonvolatile Memory With Ferroelectric Storage Cell”. 
As Well knoWn in the art, a ferroelectric material has 

spontaneous polariZation characteristics. The direction of 
the spontaneous polariZation is controlled as a function of 
the direction of an applied electric ?eld. Typical ferroelectric 
materials include the ABO3 type of PbZrO3 molecule. A 
metal atom, i.e., Zirconium (Zr), positioned at the centra of 
the PbZrO3 molecule has tWo stable states in accordance 
With the directions of an applied electric ?eld. As a result, 
the ferroelectric material exhibits hysterisis characteristics 
in electric ?eld and degree of polariZation. 

Ferroelectric random access memory (hereinafter referred 
to as “FRAM”) is an example of a semiconductor memory 
device employing the hysterisis characteristics of ferroelec 
tric material. Such FRAMs exhibit nonvolatile data storage 
characteristics by corresponding the degree of polariZation 
to binary data. They are further capable of performing a 
read/Write operation quickly by using a very last inverse 
polariZation. 
A conventional ferroelectric memory cell is noW 

described With reference to FIG. 1 Which is a circuit repre 
sentation of a ferroelectric memory cell MC. The cell MC 
consists of an access transistor Tr (often referred to as a 
“select transistor” or “charge transfer transistor”), and a 
ferroelectric capacitor CF. Such a con?guration is suitable 
for memory devices With large scale capacity. In each 
FRAM memory cell MC, the ferroelectric capacitor CF is 
comprised of a ferroelectric material inserted betWeen ?rst 
and second electrodes (referred to as “plate electrodes” or 
“plates”) thereof. The access transistor Tr is connected 
betWeen a ?rst electrode of capacitor CF and a bit line BL, 
and a gate thereof is connected to a Word line WL. The 
second capacitor electrode is coupled to a plate line PL. 
Since FRAM transistors can be fabricated using a Well 
knoWn CMOS fabrication technique, the FRAM can be 
advantageously applied to integration. 

FIG. 2 is a hysterisis curve or hysterisis sWitching loop of 
the ferroelectric capacitor CF. In this graph, the abscissa 
indicates a potential difference V (Volts) betWeen the elec 
trodes of the ferroelectric capacitor CF, and the ordinate 
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2 
indicates the amount of charge induced to a surface of the 
ferroelectric material in accordance With spontaneous 
polariZation, i.e., the degree of polariZation Q(,uC/cm2). 
As shoWn in FIG. 2, if no electric ?eld is applied to the 

ferroelectric material With a Zero voltage applied thereto, no 
polariZation is evident. When applied voltage is increased in 
the positive direction of the graph, the degree of polariZation 
is increased from Zero up to a point “A”, in the positive 
charge polariZation domain. At the point “A”, all domains 
are polariZed in one direction and the degree of polariZation 
is maximiZed. At this level, the degree of polariZation, i.e., 
the amount of charge in the ferroelectric material is indicated 
as Qs, and the applied voltage as the operation voltage Vcc. 
FolloWing the initial charge, even though the voltage is 
loWered again to Zero voltage, the degree of polariZation is 
not reduced to Zero, but remains at point “B”, at a remanent 
degree of polariZation Qr. 
When a voltage is applied in the negative direction of the 

graph, the degree of polariZation is changed from point “B” 
to a point “C” in the negative charge polariZation domain. At 
point “C”, all domains of the ferroelectric material are 
polariZed in a reverse direction With respect to the polariZa 
tion direction at point “A”. The degree of polariZation is then 
indicated as - Qs, and the applied voltage as the operation 
voltage —Vcc. FolloWing the reverse charge, even though the 
voltage is loWered again to Zero voltage, the degree of 
polariZation is not reduced to Zero, but remains at a point 
“D” at a remanent degree of polariZation —Qr. If the voltage 
is increased in the positive direction, the degree of polar 
iZation reverses from point “D” to point “A”. 
As mentioned above, if a voltage is applied temporarily to 

the ferroelectric capacitor, even though its electrodes may be 
set to ?oating state, the polariZation direction according to 
the spontaneous polariZation can be continuously main 
tained. Because of the spontaneous polariZation, surface 
charges of the ferroelectric material are not spontaneously 
dissipated due to leakage. When the applied voltage is 
reduced or removed, the polariZation direction continues to 
be maintained. 

Read and Write operations can be effected in the FRAM 
by polariZation reversal, and therefore the operation speed 
thereof is determined by the time of such reversal. The speed 
of polariZation reversal in the ferroelectric capacitor is 
determined by the capacitor area, a thickness of ferroelectric 
thin ?lm, the applied voltage, etc. The unit of the speed of 
polariZation reversal is commonly measured in microsec 
onds The FRAM can therefore be operated at a faster 
rate than electrically erasable and programmable read only 
memory (EEPROM) or ?ash memory. Read and Write 
operations of the FRAM Will noW be described. 

In the FRAM, a binary data signal corresponds to rema 
nent points “B” and “D” of the hysterisis loop shoWn in FIG. 
2. Logical “1” corresponds to point “B”, and logical “0” 
corresponds to point “D”. 

Returning to FIG. 1, at an initial stage of the read and 
Write operation of the FRAM, an operation for sensing data 
stored in the memory cells is performed. During the sensing 
operation, the bit line BL is maintained at a ?oating state. 
The access transistor Tr is then activated by the Word line 
WL so that the Zero voltage on the bit line BL is applied to 
the ?rst electrode of the ferroelectric capacitor CF, and a 
pulse signal of Vcc level is applied to the second electrode 
thereof via plate line PL. At this time, if a “1” data value is 
stored in the ferroelectric capacitor CF, the degree of polar 
iZation of the capacitor C F is varied from the point “B” to the 
point “D” via the point “C”. As a result, a charge amount of 
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dQ is transmitted from the ferroelectric capacitor CF to the 
bit line BL, and thereby the voltage on the bit line BL is 
increased. 

Reversely, if a logical data “0” is stored in the capacitor 
CF, the degree of polarization of the capacitor CF is varied 
from point “D” to point “C” and returns to point “D”. In this 
case, the voltage on the bit line BL does not change. The bit 
line voltage is compared With a reference voltage by means 
of a Well-knoWn sense circuit. If the bit line voltage is 
greater than the reference voltage, it is increased to an 
operational voltage level (i.e., Vcc level). If not, the bit line 
voltage is loWered again to Zero voltage. 

FolloWing completion of the above-mentioned data sens 
ing operation, a data read/Write operation begins. During a 
data Write operation, a voltage on a data line, for example, 
a voltage at Vcc level (i.e., logical data “1”) or Zero level 
(i.e., logical data “0”), is delivered to the bit line BL by 
means of a column selector. FolloWing a lapse of a prede 
termined time amount, a pulse signal is applied to the 
ferroelectric capacitor CF. The degree of polariZation of the 
ferroelectric capacitor CF is then varied from point “B” to 
point “D” so that a logical data “1” or “0” data is Written in 
the memory cell. 

If the sensing operation is performed With respect to a 
memory cell Which stores a logical data “1” (i.e., the degree 
of polariZation of Qr at the point “B”) or if a pulse signal is 
applied to the ferroelectric capacitor CF Which stores a 
logical data “1”, the stored data becomes a logical data “0” 
(i.e., the degree of polariZation of —Qr at the point “D”) 
because of the hysterisis characteristics of the ferroelectric 
capacitor CF. Therefore, before the completion of the Write 
operation, it is necessary to alloW for the recovery of data 
states of the respective ferroelectric capacitors C F of 
nonvolatile-selected memory cells connected in common to 
the Word line WL to an initial state. This data recovery is 
called “reWrite” or “restore”. The Vcc level of pulse signal 
is applied once more to the ferroelectric capacitor CF of the 
memory cell Whose sensing operation is completed. Thus, 
the degree of polariZation of the ferroelectric capacitor CF of 
each of the nonvolatile-selected memory cells is recovered 
from —Qr (indicating the logical data “0”) at point “D” to 
Qr (indicating the logical data “1”) at point “B”. 

During a read operation, data on the bit line BL obtained 
by the data sensing operation is delivered directly to the data 
bus. During the read operation, if the sensing operation is 
carried out With respect to the cell Which stores a logical data 
“1”, the data stored in the ferroelectric capacitor CF is 
changed to a logical data “0”. Therefore, before the comple 
tion of the read operation, a Vcc pulse is applied once more 
to the ferroelectric capacitor CF of the memory cell Whose 
sensing operation is completed. Thus, the degree of polar 
iZation of the ferroelectric capacitor CF recovers from —Qr 
to Qr at point “B”. 
A reference cell array for providing the reference voltage 

to the sense circuit incorporates a plurality of reference cells, 
each of Which comprises an access transistor and a ferro 
electric capacitor, as in the memory cell MC. The ferroelec 
tric capacitor of each of the reference cells is similar in siZe 
to that of the memory cell MC. That is, it is formed so as to 
exhibit identical hysterisis characteristics to that of the 
memory cell MC. As Well-knoWn in the art, the reference 
voltage, Which is typically half of the sum of the voltage 
level of a logical data “1” and the voltage level of a logical 
data “0”, is produced by using tWo reference cells having the 
same hysterisis characteristics as that of the memory cell 
MC, respectively. The generated reference voltage is deliv 
ered onto a reference bit line corresponding to a plurality of 
memory cells. 
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4 
In applying such a reference cell array to the FRAM, the 

reference voltage level is half of the sum of the voltage level 
of a logical data “1” and the voltage level of a logical data 
“0” (case C), as illustrated in FIG. 3. HoWever, if a ferro 
electric capacitor of the reference cell has a degree of 
polariZation Which is different from that of each of the 
corresponding memory cells, then, as a result, the reference 
voltage therefrom to be provided on the reference bit line 
may be biased toWard either the voltage level of a logical 
data “1” or the voltage level of a logical data “0”. As 
illustrated in FIG. 3, if the reference voltage level on the 
reference bit line is biased toWard the logic data “1” (case 
A), the sensing margin for memory cells storing the logical 
data “1” is decreased. Likewise, if the reference voltage 
level thereon is biased toWard the logical data “0” (case B), 
the sensing margin for memory cells storing the logical data 
“0” is decreased. 

Unlike dynamic random access memory, it is difficult or 
impossible to adjust the reference voltage bias level inside a 
FRAM. Therefore, the possibility of data failure for the 
memory cells associated With the reference bit line of the 
biased reference voltage level is more likely increased 
therein. Accordingly, the reliability of the FRAM is loWered. 

SUMMARY OF THE INVENTION 

To address the aforementioned limitations of conven 
tional techniques, the present invention is directed to a 
ferroelectric random access memory device having ferro 
electric memory cells, and more particularly to a FRAM 
device having a plurality of reference cell array blocks. 

It is therefore an object of the present invention to provide 
a ferroelectric random access memory device having 
improved reliability. 

It is another object of the invention to provide a ferro 
electric random access memory device having a plurality of 
reference cell array blocks so that an appropriate biased 
reference voltage level can be selected for proper device 
operation. 

In order to attain the above objects, according to an aspect 
of the present invention, there is provided a ferroelectric 
random access memory device. The device comprises a 
memory array having a plurality of memory bit lines, a 
plurality of memory Word lines intersecting the memory bit 
lines, and a plurality of ferroelectric memory cells each 
arranged at intersections of the memory bit lines and the 
memory Word lines. The device further comprises a refer 
ence cell array having a plurality of reference bit lines each 
corresponding to the memory bit lines and having a plurality 
of reference cell array blocks coupled in parallel to the 
reference bit lines, each of Which has a reference Word line 
and a plurality of reference cells, each arranged at intersec 
tions of the reference Word line and the reference bit lines. 
The device further includes a sense ampli?er connected to 
the memory bit lines and the reference bit lines, for sensing 
and amplifying data stored in the ferroelectric memory cells 
by using a reference voltage from the reference cell array. 
According to the device of the present invention, each of the 
reference cell array blocks generates a different reference 
voltage. The reference voltage level to be used by the sense 
ampli?er is selectable by reference cell array block. 

In a preferred embodiment, each of said reference cells in 
the respective reference cell array blocks comprises a fer 
roelectric capacitor. Each of the ferroelectric capacitors 
Within one the reference cell array blocks has a capacitance 
value similar to that of each of the ferroelectric memory 
cells. The others of the reference cell array blocks each have 



5,959,922 
5 

ferroelectric capacitors of a capacitance value larger and/or 
smaller than that those of the ferroelectric memory cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advantages 
of the invention Will be apparent from the more particular 
description of preferred embodiments of the invention, as 
illustrated in the accompanying draWings in Which like 
reference characters refer to the same parts throughout the 
different vieWs. The draWings are not necessarily to scale, 
emphasis instead being placed upon illustrating the prin 
ciples of the invention. 

FIG. 1 is a schematic circuit representation of a ferro 
electric memory cell. 

FIG. 2 is a graph illustrating the hysteresis characteristics 
of a ferroelectric capacitor. 

FIG. 3 is a diagram for describing the shortcomings of a 
conventional ferroelectric random access memory device. 

FIG. 4 is a schematic block diagram of a ferroelectric 
random access memory device according to an embodiment 
of the present invention. 

FIGS. 5A through 5C are schematic circuit diagrams of 
reference cell array blocks according to the present inven 
tion. 

FIG. 6 is a diagram for describing the improvement 
achieved by the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference to the schematic block diagram of FIG. 4, 
a ferroelectric random access memory (FRAM) device of 
present invention includes a plurality of reference cell array 
blocks 50a, 50b, 50c implemented in a reference cell array 
50. If the reference voltages from one selected from the 
reference cell array blocks 50a, 50b, 50c are biased toWard 
the logical data “1” or “0”, then another reference cell array 
block is selected having ferroelectric capacitors of smaller or 
larger capacitance value than that of the originally-selected 
reference cell array block. The chosen reference cell array 
block therefore provides the reference bit lines With required 
reference voltages. As a result, the memory cell sensing 
margin becomes larger, improving FRAM reliability. Such 
selection of appropriate reference cell array block is pref 
erably accomplished at the Wafer level of device fabrication. 

The PRM comprises a memory cell array 10, a roW 
decoder circuit 20, a sense circuit 30, a sense drive level 
generator 40, a reference cell array 50, a column decoder 
circuit 70, a column selection circuit 80, a main sense&Write 
drive circuit 90 and a data input/output circuit 100. Although 
not shoWn in the ?gure, the FRAM further comprises a 
Well-known bit line precharge circuit for precharging the bit 
lines to a preset voltage level (e.g., a Vss level). 
As shoWn in FIG. 4, the memory cell array 10 is com 

prised of a plurality of Word lines WL1~WLm, a plurality of 
plate lines PL1~PLm arranged in m roWs and extending in 
the Word line direction, and a plurality of bit lines BL1~BLn 
arranged in columns so as to intersect the Word lines 
WL1~WLm and plate lines PL1~PLm. The memory cell 
array 10 further comprises m><n ferroelectric memory cells 
MCmn arranged at intersections of the Word lines 
WL1~WLm and the bit lines BL1~BLn. 

Each memory cell MCmn is comprised of an access 
transistor (or a charge transfer transistor) Trij and a ferro 
electric capacitor C Fij, Where i indicates an integer of 1 to m 
and j indicates an integer of 1 to n. A ferroelectric material 
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6 
is inserted betWeen the electrodes of the capacitor A 
current path of the access transistor Trij, i.e., a drain-source 
channel, lies betWeen a ?rst electrode of the ferroelectric 
capacitor C Fij and a corresponding bit line BLj . A gate of the 
transistor Trij is connected to a corresponding Word line 
WLi. The second electrode of the ferroelectric capacitor C Fij 
is connected to a corresponding plate line PLi. For eXample, 
the current path of the access transistor Tr11 is betWeen the 
?rst electrode of the ferroelectric capacitor CF11 and the bit 
line BL1, and a gate thereof is connected to the Word line 
WL1. The second electrode of the ferroelectric capacitor 
CF11 is connected to the plate line PL1 corresponding to the 
Word line WL1. 

The Word lines WL1~WLm and the plate lines PL1~PLm 
are connected to the roW decoder circuit 20, respectively. 
When a Word line WLi is selected, a plate line PLi corre 
sponding to the selected Word line WLi is selected by the 
roW decoder circuit 20. The selected Word line WLi is driven 
With a Vcc voltage and the selected plate line PLi is driven 
by plate pulse signal from the plate pulse generator (not 
shoWn) so as to drive all polariZation domains of the 
ferroelectric material to a state of complete directional 
polariZation. 
An end of each bit line BLj is connected to the sense 

circuit 30 and the other thereof to the column selection 
circuit 80. The sense circuit 30, comprising n sense ampli 
?ers 31, is connected to tWo sense drive lines SAP and SAN 
from the sense drive level generator 40, n bit lines BL1~BLn 
of the memory cell array 10 and n reference bit lines 
RBL1~RBLn of the reference cell array 50. 

Each sense ampli?er 31 is comprised of tWo CMOS 
circuits, each of Which comprises PMOS and NMOS 
transistors, as shoWn in FIG. 4. In the ?rst CMOS circuit, 
current paths of transistors P1 and N1 are connected in series 
betWeen the sense drive lines SAP and SAN, and gates 
thereof are commonly connected to a corresponding refer 
ence bit line REFj, Where j indicates an integer of 1 to n. In 
the second CMOS circuit, current paths of the transistors P2 
and N2 are also connected in series betWeen the sense drive 
lines SAP and SAN, and gates thereof are commonly con 
nected to a corresponding bit line BLj, Where j indicates an 
integer of 1 to n. TWo complementary sense drive signals 
from the sense drive level generation circuit 40 are respec 
tively applied to the sense drive lines SAP and SAN. 

The reference cell array 50 is comprised of a plurality of 
reference cell array blocks 50a, 50b, 50c. The reference cell 
array blocks are connected in common to the reference bit 
lines RBL1~RBLn and are coupled to the roW decoder 
circuit 20 through corresponding reference Word lines 
RWL1, RWL2, and RWL3. At least one of the reference cell 
array blocks is selected during a Wafer test mode. The 
selected reference cell array block provides the reference bit 
lines RBL1~RBLn With reference voltages Which, optimally 
has a voltage level corresponding to half of the sum of the 
voltage level of a logical data “1” and the voltage level of a 
logical data “0”. 
The reference voltages from the selected reference cell 

array block may be biased toWard the voltage level of the 
logical data “1” or toWard the voltage level of the logical 
data “0” for various reasons, for example, due to a fabrica 
tion process variation. Whether appropriate reference volt 
ages are produced from the selected reference cell array is 
preferably tested using Well-know test equipment during 
Wafer testing. The biased reference voltages from the 
selected reference cell array block can be adjusted by 
deactivating the originally-selected reference cell array 
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block, and activating another having capacitance values 
Which are more conducive to applying a proper reference 
voltage. Again, such selection is preferably accomplished 
during Wafer testing, before the memory circuits are diced 
and packaged. Although not shoWn in the ?gure, the refer 
ence cell array blocks may be selected by use of a redundant 
technique, for eXample using a plurality of laser fuses, as is 
Well-known in the art. 

If the reference voltages from an originally-selected ref 
erence cell array block are biased toWard the voltage level of 
logical data “1”, an alternative reference cell array block is 
chosen Which has ferroelectric capacitors of smaller capaci 
tance than those of the originally-selected reference cell 
array block. If the reference voltages from the originally 
selected reference cell array are biased toWard the voltage 
level of logical data “0”, an alternative reference cell array 
block is chosen, Which has ferroelectric capacitors of larger 
capacitance than those of the originally-selected reference 
cell array block. In this manner, the neWly-selected reference 
cell array block provides the reference bit lines 
RBL1~RBLn With required reference voltages during the 
Wafer level. 

Returning to FIG. 4, the column selection circuit 80 is 
comprised of n NMOS transistor (not shoWn) as selection 
transistors. Each of current paths of the selection transistors 
is connected betWeen a corresponding bit line BLj and a 
corresponding data line DLy, Where y indicates an integer of 
1 to k. The respective selection transistors are activated/ 
deactivated in response to respective column selection sig 
nals Y1~Yn from the column decoder circuit 70. The main 
sense&Write drive circuit 90 and data input/output circuit 
100 are Well-known in the art a therefore descriptions 
thereof are omitted beloW. 

Detailed circuits of the reference cell array blocks accord 
ing to the preferred embodiment of the present invention are 
noW described With reference to FIGS. 5A, 5B and 5C. 

Referring to FIG. 5A, a ?rst reference cell array block 50a 
comprises a plurality of reference cells RMC1~RMCj, 
Where j is an integer of 1 to n. Each of the reference cells 
comprises an access transistor RTr1 and a ferroelectric 
capacitor RCF1. The reference capacitors RCF1 are fabri 
cated such that the capacitance of the ferroelectric capacitors 
are identical to those of memory cell array 10 in FIG. 4. A 
?rst electrode of each ferroelectric capacitor RCF1 is 
coupled to an access transistor RTr1, and a second electrode 
thereof is joined to a reference plate line RPL1. The ?rst 
electrodes of the reference cells RMC1~RMCn are con 
nected alternately to RFDIN and /RFDIN lines through 
NMOS transistors M1 activated in common by an RPS 
signal. For example, a ?rst electrode of capacitor RCF2 of 
reference cell RMC1 is connected to the RFDIN line 
through NMOS transistor M1 and the ?rst electrode of the 
capacitor RCF1 of reference cell RMC2 is connected 
to the /RFDIN line through the NMOS transistor M1. 
Respective pairs of reference cells MC(j-1) and MCj store 
complementary data to each other. For example, a reference 
cell MC1 stores a logical data “1” and a reference cell MC2 
stores a logical data “0”, and vice versa. BetWeen reference 
bit line pairs RBL(j-1) and RBLj, NMOS transistors M2 are 
activated according to a voltage level of a REQ signal. If the 
REQ signal is active, the NMOS transistors M2 are 
activated, causing the respective reference bit line pairs to 
have an identical voltage level (that is, to be equalized). 

In FIGS. 5B and 5C, the constituent elements that are 
identical to those of FIG. 5A are labeled With the same 
reference numerals. The reference cell array block 50b of 
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8 
FIG. 5B differs from the reference cell array block 50a in 
FIG. 5A only in that ferroelectric capacitors RCF2 of refer 
ence cells RMC1~RMCn are smaller in capacitance value 
than those of the reference cell array block 50a in FIG. 5A. 
The reference cell array block 50c of FIG. 5C differs from 
the reference cell array block in FIG. 5A only in that 
ferroelectric capacitors RCF3 of reference cells 
RMC1~RMCn are larger in capacitance value than those of 
the reference cell array block 50a in FIG. 5A. 

The operation of the reference cell array block 50a is noW 
described. For the purpose of description, the operation of 
the reference cell array block 50a is described by using only 
tWo reference cells RMC1 and RMC2. Assume that refer 
ence cell RMC1 stores a logical data “1” (in FIG. 2, point 
“B”) and reference cell RMC2 stores a logical data “0” (in 
FIG. 2, point “D”). 
The access transistors RTr1 are activated by reference 

Word line RWL1 so that a Zero voltage on corresponding 
reference bit lines RBL1 and RBL2 is applied to the ?rst 
electrodes or the ferroelectric capacitors RCF1, and a pulse 
signal of Vcc level is applied to the second electrodes 
thereof via the reference plate line RPL1. At this time, the 
degree of polariZation of the capacitor RCF1 is varied from 
point “B” to point “D” via point “C” as illustrated in FIG. 
2. As a result, a charge amount of dQ is transmitted from the 
ferroelectric capacitor RCF1 to the reference bit line RBL1, 
and thereby the voltage on the reference bit line RBL1 is 
increased. Reversely, the degree of polariZation of the 
capacitor RCF2 is varied from point “D” to point “C” and 
returns to point “D”. In this case, the voltage on the 
reference bit line RBL2 is not changed. 
When the REQ signal line is driven to a high level, the 

NMOS transistors M1 are activated, causing voltages on the 
reference bit lines RBL1 and RBL2 to be equaliZed. That is, 
the voltages on the reference bit lines RBL1 and RBL2 
become reference voltages to be provided to the sense circuit 
30 in FIG. 4. FolloWing a read/Write operation, the RFDIN 
and /RFDIN lines are driven at loW level (e.g., a Vss level) 
and at high level (e.g., a Vcc level), respectively. As this 
time, the degree of polariZation of the capacitor RCF1 is 
varied from point “D” to point “B” via point “A” and the 
degree of polariZation of the capacitor RCF2 is varied from 
point “D” to point “C” and returns to point “D”, as illustrated 
in FIG. 2. Accordingly, logical data “1” is reWritten to 
reference cell RMC1 and logical data “0” is reWritten to 
reference cell RMC2. 
When one of the reference cell array blocks 50b and 50c 

in FIGS. 5B and 5C is employed instead of the reference cell 
array block 50a in FIG. 5A by using the aforementioned 
redundant technique, the alternate selected block 50b or 50c 
generates the reference voltages to be provided onto the 
reference bit lines RBL1~RBLn in the above-mentioned 
manner. 

As described above, the capacitance values of ferroelec 
tric capacitors RCF1 of reference cell array block 50a are 
preferably identical to those of memory cell array 10, While 
the capacitance values of ferroelectric capacitors RCF2 of 
the reference cell array block 50b are less than those of 
memory cell array 10, and the capacitance values of ferro 
electric capacitors RCF3 of the reference cell array block 
50c are larger than those of memory cell array 10. 

In the event that the reference voltage from reference cell 
array block 50a is biased toWard a voltage level of a logical 
data “1” (case A) as illustrated in FIG. 3, that is, When a 
ferroelectric capacitor RFC1 storing a logical data “1” is 
sWitched, its sWitching loop (from point “B” to point “D” via 



5,959,922 

point “C”) is larger than that of memory cell MCij as 
illustrated in FIG. 6 (case A), the reference cell array block 
50a is deactivated, and a second reference cell array block 
50b is chosen (by using the aforementioned redundant 
selection technique) Which has ferroelectric capacitors 
RCFZ, each having a smaller capacitance value than that of 
memory cell array 10, as described above. This enables the 
reference cell array block 50b to generate proper reference 
voltages, Which are half the sum of voltages respectively 
corresponding to data “1” and data “0”, onto the reference 
bit lines RBL1~RBLn. As a result, the biased reference 
voltage may be adjusted to a proper reference voltage 
according to the above-described technique. 

In the event that the reference voltage from reference cell 
array block 50a is biased toWard a voltage level of a logical 
data “0” (case B) as illustrated in FIG. 3, that is, When a 
ferroelectric capacitor RCFZ storing a logical data “1” is 
sWitched, its sWitching loop (from point “B” to point “D” via 
point “C”) is smaller than that of memory cell MCij as 
illustrated in FIG. 6 (case C), the reference cell array block 
50a is deactivated, and a third reference cell array block 50c 
is chosen (by using the aforementioned redundant selection 
technique) Which has ferroelectric capacitors RCF3, each 
having a larger capacitance value than that of memory cell 
array 10, as described above. This enables the reference cell 
array block 50c to generate reference voltages, Which are 
half the sum of voltages respectively corresponding to data 
“1” a data “0”, onto the reference bit lines RBL1~RBLn. As 
a result, the biased reference voltage may be adjusted to a 
proper reference voltage. 

Although tWo additional reference cell array blocks 50b 
and 50c are incorporated in the reference cell array 50 for the 
purposes of describing the invention, additional reference 
cell array blocks can be implemented therein, although not 
shoWn in ?gure, so that a biased reference voltage can be 
selected and tested incrementally to enable more accurate 
adjustment thereof. 

While this invention has been particularly shoWn and 
described With references to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made therein Without 
departing from the spirit and scope or the invention as 
de?ned by the appended claims. 
What is claimed is: 
1. A nonvolatile semiconductor memory device compris 

ing: 
a memory array having a plurality of memory bit lines, a 

plurality of memory Word lines intersecting the 
memory bit lines, and a plurality of ferroelectric 
memory cells each arranged at intersections of the 
memory bit lines and the memory Word lines; 

a reference cell array having a plurality of reference bit 
lines corresponding to the memory bit lines and having 
a plurality of reference cell array blocks coupled in 
parallel to the reference bit lines, each of Which has a 
reference Word line and a plurality of reference cells 
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each arranged at intersections of the reference Word 
line and the reference bit lines; and 

a sense ampli?er connected to the memory bit lines and 
the reference bit lines, for sensing and amplifying data 
stored in the ferroelectric memory cells by using a 
reference voltage from the reference cell array; 

Wherein each of the reference cell array blocks generates 
a different reference voltage and Wherein the reference 
voltage level to be used by the sense ampli?er is 
selectable by reference cell array block. 

2. The nonvolatile semiconductor memory device of 
claim 1, Wherein each of said reference cells in each 
respective reference cell array blocks comprises a ferroelec 
tric capacitor, Wherein the ferroelectric capacitors of a ?rst 
reference cell array block have a capacitance substantially 
equal to the capacitance of the ferroelectric memory cells. 

3. The nonvolatile semiconductor memory device of 
claim 2, Wherein the remaining reference cell array blocks 
each have ferroelectric capacitors of capacitance value dif 
ferent from those of the ferroelectric memory cells. 

4. The nonvolatile semiconductor memory device of 
claim 1, Wherein a ?rst reference cell array block includes 
ferroelectric capacitors having a capacitance value substan 
tially equal to the capacitance of the ferroelectric memory 
cells, and Wherein the other reference cell array blocks 
include ferroelectric capacitors having capacitance values 
less than and greater than the capacitance of the ferroelectric 
memory cells. 

5. A nonvolatile semiconductor memory device compris 
ing: a plurality of ferroelectric memory cells, the data values 
of Which are sensed as a function of reference voltage; and 
a corresponding plurality of reference cells, the reference 
cells being arranged in a plurality of selectable reference cell 
blocks, each reference cell block providing a different ref 
erence voltage to the memory cells, such that reference 
voltage is selectable as a function of reference cell block. 

6. The nonvolatile semiconductor memory device of 
claim 5, Wherein each of said reference cells in each 
respective reference cell array blocks comprises a ferroelec 
tric capacitor, Wherein the ferroelectric capacitors of a ?rst 
reference cell array block have a capacitance substantially 
equal to the capacitance of the ferroelectric memory cells. 

7. The nonvolatile semiconductor memory device of 
claim 6, Wherein the remaining reference cell array blocks 
each have ferroelectric capacitors of capacitance value dif 
ferent from those of the ferroelectric memory cells. 

8. The nonvolatile semiconductor memory device of 
claim 5, Wherein a ?rst reference cell array block includes 
ferroelectric capacitors having a capacitance value substan 
tially equal to the capacitance of the ferroelectric memory 
cells, and Wherein the other reference cell array blocks 
include ferroelectric capacitors having capacitance values 
less than and greater than the capacitance of the ferroelectric 
memory cells. 


